Urban drainage systems are loaded directly by precipitation and snow melting processes and their hydraulic capacity must be sufficient to be able to convey the water volumes without discharging to the surface causing flooding. Urban drainage systems are also affected by the groundwater levels by increasing the water volumes that are transported through the system. The receiving waters may also be affected by climate change in terms of higher water levels which can have significant back water effects and reduced outlet discharge capacity in the urban drainage system [1] . Climate change may lead to an increased groundwater level which affects the urban drainage system by additional volumes infiltrated into the sewer from the underground. This infiltration may lead to a reduction of the hydraulic capacity of the collection system and in increased pressure over the wastewater treatment plant. The increased groundwater level can affect the percolation process and may lead to local flooding and reduced hydraulic capacity in the urban drainage system [1]. © 2017 The Authors. Published by Elsevier Ltd. Peer-review under responsibility of the scientific committee of the Urban Subsurface Planning and Management Week.
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Throughout the years design of urban collection systems has changed based on the degree of knowledge and advances in technology. Different methods have been used in order to account for runoff volumes, such as constant rain intensity, time-area method or the rational method and several computation software have emerged embedding these or more advanced methods.
Along with the technology advancements the legislation also suffered modifications regarding to the requirements for collection systems designs. In the present the collection system is designed for a rainfall with a return period of 10 years for urban settlements with more than 100.000 inhabitants and rainfalls with a return period of 1, 2, 3 or 5 years, depending on the safety requirements, for settlements with less than 100.000 inhabitants.
Climate change leads to changes in the collection system design standards because of the increased rainfall intensities, which leads to the necessity of designing the rainfall collection systems keeping in mind an extended time horizon.
According to the Intergovernmental Panel for Climate Change (IPCC), climate change will lead to changes in temperature and sea level. Locally, the prognosis shows both increases and decreases in rainfall which makes it difficult to generalize the impact of climate change. For this reason it is recommended to use regional models in order to calculate the projected rainfall for a certain area.
In order to properly plan for practical solutions to overcome the effects of climate change in urban areas an activity of preparation and layout of contingency plans must be carried out. For this activity a risk and damage assessment can be developed, from qualitative to quantitative analysis in order to assess the risk of damages in an urban drainage catchment. A complete risk analysis of the system can be undertaken by examining how the collection system operates under different load conditions, from dry weather flow when an infiltration analysis can be carried out to different return period rainfalls which cause the surcharge of the collection system.
The most often damages caused by surcharging of the collection system can be divided into three categories, respectively direct damage, indirect damage (traffic accidents, disruptions, administrative costs, loss of production) and social costs.
Risk analysis
Managing risks is a process which includes a series of steps which form the methodology that leads to developing the plans to reduce climate change impacts. The process consists of identifying the risks and assessing the probability of these risks to emerge and respectively the consequences of these risks, determining the risk mitigation options, assessing the economic, environmental, public relations and operational costs and benefits of these options, as well as prioritizing the mitigation option, identifying the decision makers and finally developing an implementation plan.
A flood risk analysis can be achieved based on flood maps. The results from the flood modeling can be plotted over GIS layers or aerial photos of the potentially at risk areas in order to identify whether flooding is a problem and the location of the potential damages.
In this analysis the assessment should be based on different considerations, such as the flooded land type and the return period of the rainfall which causes the respective area to be flooded. Some other considerations would be the damages done to the buildings and houses basements, first floor, electrical panels, cars or other material goods in correlation with the return period of the rainfall causing the damages. In order to quantify the damages done by floods it is desirable to have a geographical overview of what values might be flooded, such as houses and administrative buildings which may suffer from losses or delaying of their activities which may have a greater impact on the population, such as hospitals, schools, police departments, firefighting departments, etc. Other locations that should be considered are water wells, petrol stations, waste deposits and other potentially hazardous locations.
Solutions for climate change adaptation
The additional water volume resulted as a consequence of higher rainfall should be either discharged or stored until the conditions in the collection system normalize and the water can re-enter in the system. Also there is the possibility that a part of the water can be infiltrated locally before it enters in the collection system. In order to reduce the impact of floods in urban areas a series of physical measures can be implemented, depending on each location specifics. There are three kinds of primary solutions: to minimize the volume of runoff entering the collection system, to increase the transport capacity of the system or increase the storage capacity of the system, or a combination between these.
Infiltration of storm water can be established on each property and help by reducing the runoff that is formed on private properties and then discharged into the collection system. Infiltration is the best environmental approach to discharge the rain water, as long as it is not polluted, as it corresponds to the natural way.
Other solutions target the collection system itself by proposing the separation of combined systems into separate collection systems due to the fact that the treatment for the runoff would be less costly and challenging and the runoff could be more easily discharged into a river or water body. Increasing the pipe sizes in order to increase the transport capacity and reduce the probability of discharging to the surface ground could be another solution to take into consideration.
Retention basins can be used in order to store some of the runoff volume and act as a buffer in the drainage system. The water stored can be reintroduced in the system once the hazardous event has passed or can be routed to a basic treatment facility and discharged into the water body thus re-entering the water cycle.
Other measures focus on the individual households as the rainfall water could be easily stored and used for different purposes, such as garden watering, car washing, thus reducing the impact on the drainage system and bringing an economic advantage for the households by reducing the amount of water taken from the public supply network.
The technical solutions derived from the methods described above have to be analyzed both separately to assess the impact of each solution individually, but also have to be tested in a combined scenario where a multiple array of solutions is used and identify the optimum combination in order to achieve the best results.
Case study description
Bucharest, with a drained surface of approximately 228 km2 has one of the biggest and most complex drainage system in Romania. The capital's sewer is a combined system which collects the wastewater and the runoff volume through more than 2250 km of sewer pipes, out of which 250 km are main collectors. The age of the drainage network (approximately 22% of the drainage system is more than 60 years old [2]) leads to the increase of water transported by the sewer due to infiltration from the groundwater and implicitly the increase of the water volumes that need treatment in the wastewater treatment plant.
A coupled hydrological -hydrodynamic -surface flow model was used for the purpose of this study. Mike Urban was used for the 1D collection system model, whereas Mike 21 Single Grid was used for the 2D flow model. The 2 models were then coupled using DHI's solution Mike Flood which enables a bi-directional communication and data transfer between the two models.
The one-dimensional flow model covers an area of 689 ha and drains the rainfall water and the wastewater from the hydrographic basin of the 'A1' collector, while the 2D model covers an area of approximately 500 ha.
In comparison to the area taken into account for the modelling of the collection system behavior, the 2D model extent is smaller covering the downstream part of the hydrographic basin of the A1 collector because during extreme rainfall events only the downstream part of the area was flooded. The model extent is presented in Fig. 1 .
In order to identify the climate change effect onto the collection systems a series of simulations were made using 3 global circulation models, respectively HadCM3, HadGEM and GFCM20 [3] . These global circulation models were used in combination with a series of carbon dioxide emission scenarios (SRA1B, SRA2 and SRB1) in order to identify the precipitation increase and the effect on the flooded area and also on the groundwater level.
Mike Urban's climate change functionality was used in order to obtain the projected rainfall time series based on the three variables [4]: -Projection year -2050; -Global circulation model; -CO2 emission scenarios. 
Results
The coupled hydrological-hydrodynamic 1D-hydrodynamic 2D model was simulated using the climate change module and the variables described above thus resulting a number of 8 combinations between the global circulation models and CO2 emission scenarios. The results can be observed in Fig. 2 : The results show the differences between the measured data and the projected data in the average and extreme scenario. The average scenario refers to a quantity of CO2 emissions that is slightly higher than the one measured today, while the extreme scenario refers to a quantity of CO2 emissions that is much higher than the one recorded nowadays. In Fig. 3 and Fig. 4 can be observed that the rainfall intensity increases by 13% in the average scenario and by 28% in the extreme scenario. The coupled hydrological -hydrodynamic model was simulated using the projected rainfall for the extreme scenario in order to get an overview of the potentially flooded area. The differences between the initial simulation and the extreme rainfall projection scenario regarding water depth are in the range between 1 and 30 cm. Also, the flood extent has increased from 101495 m 2 to 141043 m 2 which represents a 39% increment. 
Conclusions
Climate change leads to an increase in rainfall intensity and quantity thus having a direct impact upon the water collection system's behaviour by surcharging which ultimately leads to floods and damages to the city.
The climate change impact can be assessed through mathematical modelling. Mike Urban's climate change tool was used to identify the impact of climate change over the precipitation regime in terms of intensity resulting an increase up to 13% in average and up to 28% in the most pessimistic scenario.
The increase in rainfall intensity and quantity leads to floods which can have a significant effect over the city. Using the coupled 1D-2D hydrodynamic model one can assess the direct impact of the precipitation upon the urban surface and identify the areas where the floods could occur due to certain rain events, a detailed flood extension development in time showing the rise and decrease of flooded areas. Using this modelling tool for Bucharest case study it has been established that an increase of 28% of rain intensity would lead to a 39% increase in urban flooded area.
It is thus estimated that the climate change, at the small scale of urban areas, may cause more often and more extended floods that could negatively influence the quality of citizens' life. It is necessary to perform these type of studies based on modelling at the whole city scale, with more data, in order to estimate the potential effects and propose mitigation measures in a consistent manner.
The climate change adaptation can be achieved both by learning from previous experiences and better preparing for flood events and implementing technical solutions in order to reduce the impact of floods. There is no general solution, as each city has its own specifics thus a modelling tool is a proper instrument to test different solutions both individually and in a combined manner in order to identify the optimum both from a performance and economic point of view.
